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RESEARCHMEMORANDUM 

for the 

Bureau of Aeronautics, Department 

STATIC LONGHCUDINAL AND LATEEXL 

CHARACTERISTICS INCLUDING EFFECTS OF 

of the Navy 

STABILITY 

TRANSONIC AREA 

RULE AND WING MODIFICATION OF A O.lO-SCALE MODEL OF 

THE DOUGLAS A4D-lAIRPLANE AT TRANSONIC SPEEDS 

TED NO. NACA AD 3114 

By Dewey E. Wornom and Thomas V. Bollech 

SUMMARY 

% Force tests of a O.lO-scale model of the Douglas A4D-1 airplane were 
conducted in the Langley 8-foot transonic pressure tunnel to investigate 
the static longitudinal characteristics of wing and fuselage modifications 
and the static lateral characteristics of the basic model. The tests were 
conducted at Mach numbers of 0.60 to l-20 with a maximum angle-of-attack 
range of -3O to ll". 

Addition of cross-sectional area to the aft fuselage section, exten- 
sion of the wing trailing edge, and the combination of the two were effec- 
tive in reducing the zero-lift drag around a Mach number of 0.975. These 
reductions were essentially maintained at least up to a lift coefficient 
of 0.4. Above a Mach number of 1.05, at lift coefficients up to 0.4, the 
addition of cross-sectional area to the aft fuselage section resulted in 
an increase in drag. The extension of the internal-flow duct inlets had 
no appreciable effect upon the drag characteristics of the model. Modi- 
fications involving the addition of cross-sectional area to the aft fuse- 
lage section and the extension of the wing trailing edge also resulted in 
a recovery of losses in lift-curve slope and static longitudinal stability 
exhibited by the basic model around a Mach number of 0.95. Wing leading- 
edge modifications, consisting of a tapered chord-extension with camber 
and a constant chord-extension with camber slightly improved the drag 
characteristics at lifting conditions. Addition of a tail cone fairing 
had no appreciable effect upon the longitudinal aerodynamic chsracter- 
istics of the model. The basic model with a cambered and tapered chord- 
extension on the wing leading edge exhibited positive directional stabil- 
ity and positive effective dihedral throughout the angle-of-attack range. 
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At the request of the Bureau of Aeronautics, Department of the Navy, 
longitudinal force and moment tests of a O.lO-scale model of the Douglas 
A4D-1 airplane were conducted in the Langley 8-foot transonic pressure 
tunnel. These tests were performed primarily as an attempt to improve 
the drag characteristics of the model through application of the tran- 
sonic area rule of reference 1. The area-rule modifications, resulting 
in a minimum change in physical configuration, consisted of the addition 
of cross-sectional area to the fuselage aft of the wing, the addition of 
loo forward sweep to the straight trailing edge of the delta wing, and 
the extension of duct inlets to improve the longitudinal area distribu- 
tion of the model (ref. 2). Results from sn investigation of the effects 
of wing leading-edge modifications, consisting of a tapered chord- 
extension Mth camber and a constant chord-extension with camber, on the 
drag characteristics, a tail cone fairing (designed for tail buffet alle- 
viation) on the longitudinal aerodynamic characteristics, and transition 
on drag characteristics are also included. 

In addition, results of static lateral stability tests of the basic 
model with and without empennage and some external-flow characteristics 
indicated by tuft studies are presented. 

SYMBOLS 

The stability system of axes used for the presentation of the data, 
together with the positive direction of force, moment, and angular meas- 
urements is sholm in figwe 1. 

A aspect ratio 

Ae duct exit area, sq ft 

b wing spsn, in. 

C local chord, in. 

E mean aerodynamic chord, in. 

D measured drag corrected for internal drag and balance cham- 
ber buoyancy force, lb 

Di internal drag, lb = dj&, - Ve) - Ae(Pe - Pa) 

.------- ---- -- -- ----- ------------ _ ---------- ~-- - 
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(L/D)- maximum lift-drag ratio 

3 

pe 

PaY 

$c 

R 

S 

Ve 

L 

v 

cD' 

'Di 

free-stream Mach number 

static pressure at duct exit, lb/q ft 

free-stream static pressure, lb/sq ft 

free-stream dynamic pressure, lb/q ft 

Reynolds number based on mean aerodynamic chord of 12.96 in. 

total basic wing area, sq ft 

velocity at duct exit, ft/sec 

free-stream velocity, ft/sec 

mass flow through inlets, slugs/set 

mass flow in free-stream tube of area equal to minimum pro- 
jected inlet area of both inlets at a and B = O", 
slugs/set 

drag coefficient, * 

drag coefficient at zero lift, Drag at zero lift 
%Qs 

longitudinal-force coefficient, Longitudinal force, 
aas 

CD' = f+-, when p = 0' 

Di internal drag coefficient, - 
qoos 

lift coefficient, Lift 
%2 

(h/D),, lift coefficient for maximum lift-drag ratio 

- -_--. ----- ~.. ~~ . 
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lift-curve slope per degree, averaged from CL = 0 over 
linear portion of curve 

rolling-moment coefficient, Rolling moment 
%a= 

effective-dihedral derivative, acz/ap 

yawing-moment coefficient, ya'ting moment 
%P 

directional-stability derivative, &,/aj3 

pitching-moment coefficient, Pitching moment about 0.25~ 
C&SF 

static longitudinal stability parameter, acJa% (averaged 
from CL =o too.3 

> 

lateral-force coefficient, Side force 
%as 

lateral-force derivative, acy/ap 

angle of attack referred to fuselage reference line, deg 

angle of sideslip, deg 

APPARATUS AJYD ME!THODS 

Tunnel 

The investigation was conducted in the Langley 8-foot transonic 
pressure tunnel, which Is a single-return system with a rectangular 
slotted test section permitting continuous operation throughout the tran- 
sonic speed range. The slots are located in both the upper and the lower 
walls (fig. 2). Automatic stagnation-temperature controls maintain a 
constant and uniform air temperature of 120' F. Tunnel dewpoint is main- 
tained at O" F or lower. Through automatic stagnation-temperature and 
dewpoint control, the effects of humidity are greatly minimized. 



NACA RM SL56Glg 5 

Local Mach number distributions over the test section length 
: m occupied by the model are sholm in figure 3. These distributions were 
0 obtained by an axial survey tube, provided with static-pressure orifices 
a 8 along its length, positioned in the center of the tunnel. Local Mach 
I¶ 0 number deviations over the length of the model were no greater than 
,I' 0.005 at subsonic speeds and 0.010 at supersonic speeds. 

Through the design of the sting-support system (fig. 2), the model 
is essentially located at the center line of the test section through- 
out the angle range tested. 

Model 

A three-view drawing of the O.lO-scale model of the Douglas A&D-l air- 
plane is sholm in figure 4 and geometric characteristics are listed in 
table I. Tables II and III list the ordinates of the wing and tail sec- 
tions, respectively. Figure 5 gives the cross-sectional area distri- 
bution for the basic model and area modifications thereof. Photographs 
of the model sting mounted in the Langley 8-foot transonic pressure tun- 
nel are sho>m in figure 6. The model and all modifications were supplied 
by the contractor. 

The term "basic model" hereinafter refers to the model with the 
following components: 

(1) 

(2) 

(3) 

(4) 

(5) 

(6) 

(7) 

(8) 

(9) 

The 

Wing (no movable surfaces) 

Fuselage with twin inlets and internal ducting 

Canopy 

Horizontal stabilizer (movable elevators fixed at zero 
deflection) 

Vertical stabilizer (no rudder) 

Closed landing gear fairing 

Wing guns 

Arresting hook 

Fuselage center line pylon 

initial-tests were performed with the original tail cone, which 
corresponds geometrically to the full-scale airplane. When internal 
flow difficulties were encountered with the original tail cone, which 
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are discussed in detail in a subsequent section of this paper, the modi- 
: 3 fied tail cone, which increased the internal duct exit area, was used 

for the remainder of the tests. 
: 

The modified tail cone (fig. 4) was 
e obtained by reducing the length of the original tail cone 1.93 inches 
a 0 and boring out the latter to increase the duct-exit area from 0.39 square 
a, inch to 1.07 square inches. (See table I.) 

The area modifications consisted of a full bump, modified full bump 
combined with a wing trailing-edge extension sweptforward loo, and a 
wing trailing-edge extension alone (figs. 7 and 8). (The trailing edge 
is referred to as T.E. in the fi,o;ues.) The full bump and modified 
full bump modifications were based upon the transonic area rule of ref- 
erence 1. As much area as possible was added by the bumps behind the 
wing to smooth out the aft portion of the area distribution curve of 
figure 5 without creating excessive longitudinal model surface curvature 
resulting in adverse pressure gradients. The modified full bump was 
obtained by removing from the full bump above the wing chord plane that 
area added by the trailing-edge extensions. The wing trailing-edge 
extension was formed by strips of metal clamped to the trailing edge of 
the basic wing. Filler was used to build up the trailing-edge extension 
so that the upper and lower wing surfaces were flat from the swept 
trailing-edge forward to a point of tangency on the basic wing (fig. 8). 
Since the trailing edge extension ended below the bottom of the fuselage, 
it eras necessary to include a fuselage fairing to fill in the existing 
gap (fig. 7). The extenaed internal flow duct inlets are the same geo- 
metrically as the basic inlets and were obtained by moving the basic 
inlets forward 0.9 inch (fig. 4).. 

The modifications to the wing leading edge consisted of a tapered 
chord-extension with camber and a constant chord-extension with camber 
hereinafter referred to as leading edge I and leading edge II, respec- 
tively (fig. 9 and table IV). (The leading edge is referred to as L.E. 
in the figures.) 

The tail cone fairing, whose exposed surface is circular in cross- 
section shape, formed a fairing at the tail of the model between the 
original tail cone and vertical tail (fig. 4). 

Measurements and.Accuracies 

Force and moment measurements were made by a six-component elec- 
trical strain-gage balance internally mounted within the model. Moments 
are referred to the assumed center of gravity of the airplane (25 percent 
of the mean aerodynamic chord). All coefficients were based on the wing 
area and mean aerodynamic chord of the basic wing, 2.60 square feet and 
12.96 inches, respectively. Through consideration of the static cali- 
brations of the electrical strain-gage balance and repeatability of data, 
the estimated accuracy of the coefficients at a Mach number of 0.60 is as 
follows : 
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,t 
c~.............................. fl.01 

0 
: 

c,,.............................. ti.0015 
)O cm.............................. -ko.o02 
: '0 c~............ . . . . . . . . . . . . . . . . . . ~0.0008 

;:::::::::::::::::::::::::::::: 
fO.OO1 
fO.004 

Since the accuracy is inversely proportional to dynamic pressure, these 
values decrease with Mach number. 

Angle of attack and angle of sideslip were determined with a 
pendulum-type strain-gage unit located in the support strut of the model 
support system. Model loaded deflections were corrected by a calibration 
of sting and strain-gage balance deflections with respect to model forces 
and moments. The estimated accuracy of the angle of attack and angle of 
sideslip is within *O.l". For lateral tests at constant angles of attack 
or constant angles of sideslip, these angles were measured by the deflec- 
tion of a light source reflected from the model sting directly behind 
the model base and corrected by a calibration of balance deflections 
with respect to model forces and moments. The values stated for these 
constant angles are nominal values. 

Internal-drag and mass-flow measurements were obtained by pressure 
survey rakes located at the duct exit. Four rakes were spaced 45O, 135', 
225’, and 315O around and beginning at the top of the base annulus. Each 
rake consisted of four total pressure tubes and one static pressure tube. 
The tube spacing Vas such that each tube sampled an equal segment of the 
annular area. One static pressure tube was placed in the strain-gage 
balance chamber of the model and used to obtain the balance-chamber 
buoyancy force. Both internal drag and balance-chamber buoyancy force 
have been removed from the drag values measured by the strain-gage bal- 
ance before presentation in this paper. 

Corrections 

Boundary interference at subsonic velocities has been minimized by 
the slotted test section and no corrections have been applied. At Mach 
numbers above l-025 and below 1.20, boundary-reflected disturbances were 
present and data in this range were not taken. At a Mach number of 1.20, 
unpublished schlieren photographs showed that the boundary-reflected 
disturbances had passed downstream of the model base approximately 
2.2 model base diameters. 

With a ratio of model sting area to model base area of 0.292, sting 
interference on lift and pitching-moment coefficients should be negligible 
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(ref. 3). The effect of the sting on the drag coefficients has been 
reduced by the removal of internal drag which contains base-pressure 
measurements. 

Tests 

Static longitudinal tests of the basic model including area modi- 
fications, wing leading-edge modifications, and tail cone fairing were 
conducted at Mach numbers from 0.60 to 1.20 and an angle-of-attack range 
which varied with configuration up to a maximum of appr-:ximately -3O 
to 11' (maximum angle of attack limited by load limits of the internal 
strain-gage balance). In order to obtain lift coefficients of at 
least 0.4, the tests were conducted at a reduced tunnel pressure of 
0.8 atmosphere. The Reynolds number for these tests was of the order 
of 3.5 x lo6 based on the wing mean aerodynamic chord (fig. 10). 

Static lateral tests of the model with and without horizontal and 
vertical tail were conducted at Mach numbers of 0.80 to 1.20 for con- 
stant angles of sideslip from 0' to 5’ (O', 2.4', and 5’ for the model 
without empennage and O", 2O, and 5O for the model Ttith empennage). 
The test angle-of-attack range varied up to a maximum of approximately 
-30 to llo. Lateral tests were also conducted at constant nominal angles 
of attack of O" and 6O with angle of sideslip varying up to a maximum 
range of approximately -12O to 10'. In order to obtain the large angles 
of sideslip at an angle of attack of 6’, the lateral tests were conducted 
at a reduced tunnel pressure of 0.5 atmosphere (due to load limits of the 
internal strain-gage balance). The Reynolds number for these tests was 
of the order of 2.25 x 10 6 based on the wing mean aerodynamic chord 
(fig. 10). 

Tuft studies of the basic model with and without full bumps were 
made for a Mach number range of 0.80 to 0.95 through an sngle-of-attack 
range of 00 to 60. 

Test data of the model with fixed transition Vere obtained by adding 
l/Q-inch strips of no. 60 (0.0117-inch-diameter) Carborundum particles 
applied sparsely along the 5-percent-chord lines of the wing (upper and 
lower surfaces), horizontal tail (upper and lower surfaces), vertical 
tail (both sides), around the duct inlet 1.75 inches from the inlet lip 
and around the fuselage nose 1.75 inches back from the nose leading edge. 

RESULTS 

In order to obtain satisfactory external drag measurements in wind- 
tubnnel tests of a model with internal ducting, the internal mass-flow 

..-_. .~ _ --_ -_.. 
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ratio for the model should be approximately the same as the operational 
mass-flow ratio of the full-scale airplane. In the case of the Douglas 
A4D-1 airplane the operational mass-flow ratio is approximately 0.75 for 
an altitude of 35,000 feet at a Mach number of 0.90. At the beginning 
of the present wind-tunnel tests, the mass-flow ratio measured for the 
model with the original tail cone was 0.26 for a Mach number of 0.90 
(fig. 11(a)). Subsequent tests of the model with the modified tail cone 
resulted in a mass-flow ratio of approximately 0.75 at a Mach number of 
0.90 (fig. 11(b)). Upon comparing the drag data of the basic model with 
the original tail cone (fig. 12) with that of the basic model with the 
modified tail cone (fig. 13), it is noted that the original tail cone 
with the low mass-flow ratio resulted isan increase of approximately 
0.0025 in zero-lift drag coefficient. It is believed that the higher 
drag values for the model with the original tail cone primarily resulted 
from external spillage at the inlet as the result of the low mass-flow 
ratio. It was therefore decided to use the modified tail cone for the 
remainder of the tests. 

The data from this investigation are presented in the following 
figures: 

Internal flow characteristics ................. 
Longitudinal force and moment characteristics: 

Basic data at constant Mach numbers: 
Effect of tail cone fairing ................ 
Effect of extended inlets ................. 
Effectoffullbump .................... 
Effect of trailing-edge extension including fuselage 

fairing and trailing-edge extension combined with 
modifiedfullbump ................... 

Effect of leading-edge modifications ........... 
Effect of transition ................... 

Analysis data: 
Effect of full bump, trailing-edge extension, and trailing- 

edge extension combined with modified full bump on - 
Zero-lift drag coefficient ............... 
Drag coefficient at lifting conditions ......... 
Lift-drag ratio ..................... 
Lift and pitching-moment coefficient .......... 

Effect of leading-edge modification on - 
Drag coefficient .................... 
Lift-drag ratio and lift coefficient .......... 
Lift and pitching-moment coefficient .......... 

Effect of transition on zero-lift drag of the 
basicmodel ....................... 

Figure 
11 

12 
13 
14 

15 
16 
17 

18 
19 
20 
21 

22 
23 
24 

25 

_ . 
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Figure 
Lateral force and moment characteristics: 

Basic data at constant Mach numbers: 
Without horizontal and vertical tails (p = O", 2.4O, 

and5O)......................... 26 
Vith horizontal and vertical tails (p = O", 2O, and 50) . . 27 
With and without horizontal and vertical tails 

(a = O.3O and 6.00) . . . . . . . . . . . . . . . . . . . 28 
Analysis data: 

Effect of angle of attack . . . . . . . . . . . . . . . . . 
Effect of 1&ch number . . . . . . . . . . . . . . . . . . . ;z 

Tuft studies . . . . . . . . . . . . . . . . . . . . . . . . . 31 

The use of staggered scales has been employed extensively in the 
presentation of data and care should be exercised in the selection of 
the zero axis for each curve. 

DISCUSSION 

Longitudinal Force and Moment Characteristics 

Cross-sectional area modifications.- The purpose of the cross- 
sectional area modifications was to improve the transonic drag character- 
istics of the model and to determine to what extent they affected lift 
and pitching-moment characteristics. The full bump provided the neces- 
sary addition of area to the total area distribution of the basic model 
(fig. 5) in order to conform to the principles of the transonic area- 
rule concept (refs. 1 and 2). The wing trailing-edge extension pro- 
vided a swept trailing edge in an attempt to extend the drag-rise Mach 
number of the model by relieving the abrupt discontinuity of the area- 
distribution curve at the juncture of the wing trailing edge and fuselage 
(fig. 5). The modified full bump was designed to fill in the total area 
distribution of the basic model with trailing-edge extension resulting 
in essentially the same total area distribution of the basic model with 
full bump (fig. 5). This involved the removal of area from the full 
bump equal to the cross-sectional area added by the trailing-edge exten- 
sion. The loss of lift experienced by the addition of the full bump 
(fig. 14) was believed to be caused by local velocity gradients created 
on the upper surface of the wing by the curvature at the beginning of 
the bump. It was therefore decided that the area removed from the full 
bump to obtain the modified full bump would be taken from above the wing 
to reduce the bump curvature and thereby reduce the intensity of the 
local velocity gradient. The inlets were extended to improve the for- 
;rard portion of the total area distribution curve (fig. 5). 
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In general, the full bump, wing trailing-edge extensions, and 
trailing-edge extension combined with modified full bump resulted in 
reductions in zero-lift drag over a Mach number range from approximately 
0.975 to 1.00 (fig. 18). The modified full bump with wing trailing-edge 
extension producea the largest maximum reduction in zero-lift drag coeffi- 
cient of 0.0100 around a Mach number of 0.975. Although the wing 
trailing-edge extension did not increase the drag-rise Mach number, it 
did produce a zero-lift drag coefficient reduction of approximately 
0.0040 from Mach numbers of 0.975 to 1.00. Above a Mach number of 1.05, 
the full bunrp and wing trailing-edge extension combined with modified 
full bump increased the drag coefficient at least up to a lift coeffi- 
cient of 0.4 (figs. 18 and 19). Generally, the full bump, wing trailing- 
edge extension, and trailing-edge extension combined with modified full 
bump provided only a slight decrease in the rate of rise of the zero- 
lift drag coefficient with increasing Mach number up to a Mach nuniber 
of 1.05 (fig. 18) 0 It is of practical importance to note that the zero- 
lift drag reductions produced by the full bump, wing trailing-edge exten- 
sion, and trailing-edge extension combined with modified full bump were 
essentially maintained up to a lift coefficient of 0.4 (fig. 19). At a 
lift coefficient of 0.4, the wing trailing-edge extension resulted in 
approximately twice the maximum drag coefficient reduction obtained at 
zero-lift conditions and a drag coefficient decrease of about 3 percent 
at a Mach number of 1.20. No appreciable improvements in drag character- 
istics were realized by the extended inlets (fig. 13). 

The full bump and wing trailing-edge extension had no appreciable 
effect upon the maximum lift-drag ratio or lift coefficient for maximum 
lift-drag ratio over the Mach number range tested (fig. 20). The wing 
trailing-edge extension combined with modified full bump resulted in the 
greatest change in maximum lift-drag ratio at a Mach number of 0.80 (a 
decrease of approximately 12 percent) and it is possible that this reduc- 
tion may continue at lower subsonic speeds. 

The full bump resulted in a loss in lift coefficient of approxi- 
mately 0.05 (fig. 14) around an angle of attack of 0' throughout the 
Mach number range. The loss in lift may possibly be attributed to adverse 
upper wing surface pressure gradients previously mentioned. Some indi- 
cation of the rapid loss in lift-curve slope exhibited by the basic model 
(fig. 21) at a Mach number around 0.95 and recovered by the addition of 
the full bump may be seen in the tuft studies of the basic model with 
and without the full bump in figure 31. Except for a Mach nui;lber of 0.95 
(fig. 31(d)), the flow over the wing for both configurations with and 
lrithout full bump appears to be similar. At a Mach number of 0.95, flow 
separation has occurred in the vicinity of the wing-fuselage juncture 
for the basic model near the trailing edge of the Tting over both the 
Tring and the body and appears to become more severe with angle of attack, 
thus resulting in loss of lift-curve slope. Upon addition of the full 
bump, the degree of separation appears to be reduced, thereby recovering 

_ _ . ~. -. -- .~. 
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the loss in lift-curve slope. The wing trailing-edge extension and 
trailing-edge extension combined with modified full bump also removed 
the abrupt discontinuity in lift-curve slope experienced by the basic 
model (fig. 21). It appears that these modifications may be as bene- 
ficial as the full bump in alleviating the flow separation near the wing 
trailing edge and fuselage juncture. The wing trailing-edge extension 
increased the lift-curve slope approximatly 5 percent over the Mach num- 
ber range tested (figs. 15 and 21) except at a Mach number of 1.20 where 
an increase of 11 percent resulted. This percentage increase in lift- 
curve slope is considerably less than the lb-percent increase in wing 
area due to the wing trailing-edge extension. The manner in which the 
area was removed from the full bump to produce the modified full bump, 
previously mentioned, was not effective in recovering the loss of lift 
(figs. 14 and 15)* The wing trailing-edge extension and modified full 
bump combined increased the lift-curve slope from approximately 3 to 
17 percent over the Mach number range tested (fig. 21). The extended 
inlets had no significant effect upon the lift characteristics (fig. 13). 

The effect of the full bump, wing trailing-edge extensions, and 
trailing-edge extension combined with modified full bump on the pitching- 
moment coefficient (figs. 14 and 15) and static longitudinal stability 
parameter (fig. 21) as compared with the basic model is associated with 
the effects each had upon the lift characteristics. The extended inlets 
had no significant effect upon the pitching-moment characteristics 
(fig. 13). 

Wing-leading-edge modifications.- Both leading edge I and leading 
edge II resulted in a slightly higher zero-lift drag level (figs. 16 
and 22) over the Mach number range tested as compared with the basic 
leadin edge. The small increase in wing area (approximately 1.5 per- 
cent for leading edge I and 4.5 percent for leading edge II) would par- 
tially account for the increase in drag level due to the expected increase 
in skin friction drag. At a lift coefficient of 0.2 no beneficial drag 
reductions were realized from either leading-edge modification. At a 
lift coefficient of 0.4, leading edge I resulted in a small decrease in 
drag coefficient of approximately 0.0025 which slowly diminished up to 
a Mach number of 0.95 where leading edge I ceased to be effective. 
Leading edge II realized a drag coefficient reduction which varied from 
approximately 0.0050 to 0.0075 over the Mach number range except around 
Mach numbers of 1.00 and 1.025 where no reduction is evident. 

In order to give some insight into the effectiveness of the leading- 
edge modifications, the values of (L/D),, for the wing realizing full 
and no leading-edge suction have been plotted in figure 23. Values for 
full and no leading-edge suction were computed from (L/D)- = ' 

--. *__ _-- --_ --- -- ~ - ._I 
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0 
x 
si 

where K (drag-due-to-lift factor) for full leading-edge suction was 
taken as ' 

Tz 
at subsonic speeds and obtained from reference 4 for super- 

sonic speeds. For no suction, K was assumed to be equal to ' 

Values for C$ and C 
L, 

were obtained from experimental data. Through- 
0 

out the Mach number range, neither leading-edge modification improved the 
leading-edge suction over that of the basic leading edge except for Mach 
numbers near 0.95 where leading edge II realized approximately 33 percent 
of full leading-edge suction. Neither leading edge I nor leading edge II 
had any appreciable effect upon the lift coefficient for maximum lift- 
drag ratio when compared with the basic leading edge. 

In general, neither leading-edge modification resulted in more than 
slight changes in lift or pitching-moment characteristics (fig. 24). 

Tail cone fairing.- The tail cone fairing is expected to alleviate 
the tail buffet loads without appreciably affecting the force and moment 
characteristics of the basic model. In figure 12 it is sholm that the 
tail cone fairing had no appreciable effect upon the lift or drag charac- 
teristics but decreased the trim-lift coefficient slightly over the Mach 
number range. Since the tail cone fairing is located directly beneath 
the horizontal tail (fig. 4) it could be expected to influence the lift 
on the tail surface and, thus, to affect the pitching-moment character- 
istics until the formation of the wing trailing-edge shock at supersonic 
speeds could possibly change the tail lift characteristics. 

Transition.- Figures 17 and 23 show that the addition of transition 
increased the zero-lift drag coefficient approximately 0.002 to 0.003 
over the Mach number range tested. Transition had little or no effect 
upon the lift or pitching-moment characteristics (fig. 17). 

Lateral Force and Moment Characteristics 

Effective dihedral.- At negative lift coefficients and angles of 
attack (figs. 26 and 29(a)), the basic model including leading edge I 
without horizontal or vertical tail exhibited negative effective dihedral 

( 
positive values of CZ 

> 
e 

P 
At positive lift coefficients and angles of 

attack the model exhibited positive effective dihedral 
( 
negative values 

of c2 
) P 

up to a Mach number of 0.95, and above this Mach number either 

neutral or slightly negative effective dihedral. The model without 

- -- -.-_ ~._.. .~ __ 
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horizontal or vertical tail revealed slightly positive effective dihedral, 
, for constant lift coefficients of approximately 0.1 and 0.5, up to a 
I Mach number of 1.00, and above this speed exhibited slightly negative 
: effective dihedral (figs. 28 and 30). Addition of the horizontal and , 
B vertical tail resulted in positive effective dihedral over the lift and 
: Mach number range tested (figs. 29(a) and 30, respectively). In fig- 

ure 30, as the lift coefficient increases from 0.1 to 0.5, there is an 
approximate loss in positive effective dihedral of 33 percent throughout 
the Mach number range. 

Directional stability.- The basic model including leading edge I 
without horizontal and vertical tail was directionally unstable 

negative values for 
( 

Cn p 
) 

throughout the lift range (figs. 26 and 29(b)) 

and Mach nmber range for approximate lift coefficients of 0.1 and 0.5 
(figs. 28 and 30). Upon addition of the tails the model became direc- 
tionally stable throughout the lift range (figs. 27 and 29(b)) and 
throughout the Mach number range for lift coefficients of approximately 
0.1 and 0.5 (figs. 28 and 30). 

Lateral-force derivative.- Little or no effect on the lateral-force 
derative was noted due to lift (fig. 29(c)) or Mach number (fig. 30) 
for the model with or without tails. The incremental lateral-force 
derivative contributed by the vertical tail was approximately 0.014 
throughout the Mach number range. 

CONCLUSIONS 

From transonic wind-tunnel tests of a O.lO-scale model of the 
Douglas A4D-1 airplane to investigate the static longitudinal character- 
istics of wing and fuselage modifications and static lateral character- 
istics of the basic model, the following conclusions are indicated: 

1. Addition of cross-sectional area to the aft fuselage section, 
extension of the wing trailing edge, and the combination of the two were 
effective in reducing the zero-lift drag coefficient around a Mach number 
of 0.975. These reductions were essentially maintained at least up to 
a lift coefficient of 0.4. Above a Mach nmber of 1.05 up to a lift 
coefficient of 0.4, addition of cross-sectional area to the aft fuselage 
section resulted in an increase in drag coefficient. The extension of 
the internal-flow duct inlets had no appreciable effect upon the drag 
characteristics of the model. 

2. Modifications involving the addition of cross-sectional area to 
the aft fuselage section and wing trailing-edge extension resulted in 
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the recovery of a loss in lift-curve slope and static longitudinal sta- 
bility exhibited by the basic model around a Mach number of 0.95. 

3. Wing leading-edge modifications consisting of a tapered chord- 
extension with camber and a constant chord-extension with camber slightly 
improved the drag at lifting conditions. 

4. The addition of a tail cone fairing had no appreciable effect 
upon the longitudinal aerodynamic characteristics of the model. 

5. The basic model with a tapered chord-extension with ca.mber on 
the wing leading edge exhibited positive directional stability and posi- 
tive effective dihedral through the angle-of-attack and Mach number 
ranges tested. 

Langley Aeronautical Laboratory, 
National Advisory Committee for Aeronautics, 

Langley Field, Va., July 6, 1956. 

Dew&y E. Nornom 
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TABLE1 

GEMEX!RIC CHARACTERISTICS OF TBE 0.1%SCALE NODE& 

OF THE DOUGLAS A4D-1 AIRPLANE 

Basic wing: 
Airfoil sections: 

Root ........................... NACA 0008 (modified) 
Tip ........................... NACA 0005 (modified) 

Area,total,sqft ............................ 2.60 
Aspectratio ............................... 2.91 
biean aero&ynamic chord, in. ....................... 12.96 
Location of assumed center of gravity, percent E ............. 25.00 
Incidence,deg .............................. 
Dihedral,deg .............................. 2.6: 
Geometric twist, deg. .......................... 
Span,in. ................................ 33.0: 
Leading-edge steep, deg ......................... 4l.U 
Trailing-edge sweep, deg ......................... 
Rootchord.in. ............................. 18.; 
Tipchord,in ............................... 4.20 

Fuselage: 
Overall length, in.: 

With original tail cone ........................ 44.43 
With modified tail cone ........................ 

Maximum frontal area (free-stream area of 
42.50 

3.56 sqin. removed), sqin. ...................... 26.97 

Empennage : 

Airfoil section 
Root .............. 
Tip .............. 

Area, including control 
surfaces, sq ft ......... 

Span, in. ............. 
Root chord, in. .......... 
Tip chord, in. ........... 
Mean aero@mamic chord, in. .... 
Aspect ratio ............ 
Taper ratio ............ 
Leading-edge sweep, deg ...... 
Dihedral, deg ........... 
Incidence, deg ........... 
Geometric twist, deg ........ 

Horizontal Vertical 

NACA 0007 (modified.) 
NACA 0004 (modified) 

NACA 0007 (modified) 
NACA 0004 (modified) 

...... 0.4585 

...... 13.60 

...... 8.00 

...... 1.80 

...... 5.59 

...... 2.80 

...... 0.225 

...... 42.36 

...... 0 

...... 0 

...... 0 

"-Z'~ 
l2:83 
2.495 

8.86 
1.24 

0.1945 
49.60 

0 
0 
0 

Engine ducts: 
Inlet area (both), sq in. . . . . . . . . . . . . . . . . . . . . . . . . 
Exit area (excluding sting), sq in.: 

4.89 

Original-tail cone. . . . . . . . . . . . . . . . . . . . . . . . . . . 
1Jodified tail cone . . . . . . . . . . . . . . . . . . . . . . . . . . . 

0.39 
1.07 

Equivalent body of revolution: 

. 
Maximum frontal area (free-stream area of 

3.56 sq in. removed), sq in. . . . . . . . . . . . . . . . . . . . . . . 
Fineness ratio (free-stream area of 3.56 

42.98 

sqin.removed) . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6.23 
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TABLE II 

BASIC 17lNG ORDINATES FOR O.lO-SCALE DOUGLAS A4D-lm 

Modified NACA 0008 Modified NACA 0005 

Root chord ordinates, 
percent c 

L.E. radius: 
0.70 percent c 

17 

Tip chord ordinates, 
percent c 

L.E. radius: 
0.21 percent c 
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TABLE III 

c 

NACA RM SL56Glg 

HORIZONTAL AND VERTICAL TAIL ORDINATES FOR O.lO-SCALE 

DOUGLAS AbD-1 AmLANE 

Station, Root chord ordinates, Tip chord ordinates, 
percent c percent c percent c 

modified NACA 0007 modified NACA 0004 

0 0 0 
1 1.043 0473 

; 1.469 2.259 .646 0954 
7 2.605 1.092 

10 2.972 1.252 
15 3.322 l-452 
20 3.468 1.603 
25 3-500 1.724 
t: 3.479 1.821 

3.321 1*953 
50 3.019 2.000 
60 2.594 1.934 
70 2.060 ~692 
80 1.432 1.250 
90 l 745 -652 

100 0 0 

L.E. radius: L.E. radius: 
0.539 percent c 0.132 percent c 

._.__ _-_ _-.- _..-..~I_- 
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TABLE IV 

ORDINATES FOR LEADING-EDGE MODIFICATIONS" 

3asic wing ordinates Leading edge II Leading edge I and 

at 0.2425b/2, ordinates at leading edge II 

percent c 0.242%/2, percent c ordinates at 
0.873b/2, percent c 

II 

Statio 

c 0 0 -3.78 -0.31 -0.31 
-05 .28 -.28 -3.72 -.05 -.59 

+$I," -2.65 -2.65 
-2.39 -2.92 

.lO -.40 -3.66 .I2 -.71 -9:33 -2.25 -3.03 

.20 -.56 -3.54 -29 -.85 
-50 -89 -977 

1.01 1.30 -1.05 I:*:: 
.66 -1.14 

1y; -2.07 -3.13 

a:43 
1.08 -1.43 -8102 

-1.71 -3.32 
-1-31 -3.43 

2.02 1.90 -1.40 1.69 -1.74 -6.55 -.70 -3.41 
3.03 2.37 -1.65 -.25 2.13 -1.94 -5.57 -.18 -3.32 
4.04 2.73 -1.86 092 2.47 -2.08 -3.61 -27 -3.18 
6.06 3.32 -2.16 3.03 -2.26 -.66 1.01 -2.90 
8.08 3.71 -2.39 3.50 -2037 2.27 l-59 -2.67 

10.10 4.04 -2.43 3.83 -2.50 2.09 -2.49 
12.12 4.25 -2.68 10.32 4.12 -2.62 58*% 2.49 -2.37 
14.14 4.40 -2.80 12.68 4.33 -2.74 XL:07 2.80 -2.27 
16.17 4.51 -2 .g1 15.03 4.49 -2.88 14.01 3.07 -2.24 
18.19 4.57 -3.02 17037 4.56 -3.01 16.96 3.22 -2.25 

s 20.21 4.60 -3.07 19 -73 3.28 -2.35 

"Stations and ordinates referenced to the leading edge and wing 
reference plane of the basic wing. 

I  

_ .- - - I  



SL56Glg 

Figure l.- System of axes. Arrows denote positive direction of force, 
moment, and angular measurements. 
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Figure 2.- Details of test section and location of model in the Langley 
8-foot transonic pressure tunnel. All dimensions in inches. 
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Figure 3.- Mach number distribution along center line of tunnel test 
section. 
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F igure 4.- Three-view drawing of the O.lO-scale Douglas AkD-1 airplane. 
All dimensions in inches unless otherwise noted. 



0 
:e(P 

Foselage station, in. 

Figure 5.- Axial distribution of cross-sectional srea for the O.lO-scale 
Douglas A&D-l airplane model and various area modifications. Free- 
stream area of 3.56 square inches removed. 
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(a) Basic model with modified tail cone, leading edge I, 

trailing-edge extension, and modified full bump. 

Figure 6.- The O.lO-scale Douglas AbD-1 airplaneeinstalled in the 8-foot 
transonic pressure tunnel. 
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(b) Basic model  with modif ied tail cone, 
~-30081 

leading edge I, and trailing- 
edge extension. 

Figure 6 .- Concluded. 
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Figure 7.- Details of fuselage modifications. 
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Figure 8.- Dimensional details of trailing-edge extension. All dimensions 
in inches unless otherwise noted. 
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Figure 9.- Dimensional details of leading-edge modifications. All 
dimensions in inches unless otherwise noted. 
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Figure lO.- Variation with Mach number of approximate test Reynolds 
number based on 5 = 12.96 inches. 
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(a) Original tail cone and tail cone fairing. 

Figure ll.- Mass-flow ratios and internal-drag coefficients for the 
basic model. 
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Figure ll.- Concluded. 
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Figure l2.- Force and moment characteristics of the basic model (original 
tail cone) with and without tail cone fairing. Plain symbols indicate 
without tail cone fairing and flagged symbols indicate with tail cone 
fairing. 
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original W e ts and f lagged symbols indicate extended inlets. 
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Figure 15.- Force and moment characteristics of the basic model (modified 
tail cone) including leading edge I with and without modified full bq 
and wing trailing-edge extension, Plain symbols indicate trailing-edge 
exbension with modified full bump and flagged symbols indicate trailing- 
edge etiension including fuselage fairing. 
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Figure 16,- Force and moment characteristics of the basic model (modified 
tail cone) with and without ving leading-edge modifications. Plain 
symbols indicate leading edge I and flagged symbols indicate leading 
edge II. 
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Figure 17-- Force and moment characteristics of the basic model including 
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sition. Plain synibols indicate without fixed transition and flagged 
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Figure 18,- Effect of full bump, trailing-edge extension, and modified 
full bump in combination with the trailing-edge extension on the 
zero-lift drag coefficient of the basic model (modified tail cone) 
including leading edge I. 
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Figure lgO- Effect of full. buxtp? trailing-edge etiension, and modified 
full bump in combination with the trailing-edge extension on the 
drag coefficient at lifting conditions of the basic model (modified 
tail cone) including leading edge I. 
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Figure 20.- Effect of full bump, trailing-edge extension, and modified 
full bump in conibination with the trailing-edge extension on the maxi- 
mum lift-drag ratio and lift coefficient for maximum lift drag ratio 
of the basic model (modified tail cone) including leading edge I. 
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Figure 2l.- Effect of full bump, trailing-edge extension, and modified 
full bump in combination with the trailing-edge extension on the lift- 
curve slope and static longitudinal stability parameter of the basic 
model (modified tail cone) including leading edge I. 
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Figure 22.- Effect of ving leading-edge modifications on drag coefficient 
of the basic model (modified tail cone). 
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Figure 23,- Effect of wing leading-edge modifications on the maximum lift- 
drag ratio and lift coefficient for maximum lift-drag ratio of the 
basic model (modified tail cone). 



ooao 
WA 

00 NACA RM SL56Glg 0 0: 0 o(b 

Lye: e .I0 
00 , 0: cl e-a 
00 , 0: 0 OQ 

DE 

cLCl 

.OC 

. 

Mach number, M  

Figure 24.- Effect of wing leading-edge modifications on the lift-curve 
slope and static-longitudinaldstability parameter for the basic model 
(modified tail cone). 
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tail cone fairing with and without fixed transition. 
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Figure 26 o- Continued. 
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Figure 27.- Variation with lift coefficient of the aerodynamic charac- 
teristics of the basic model (modified tail cone) with leading edge I 
for various angles of sideslip. Horizontal and vertical tails on. 
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ADSTRACT 

Transonic wind-tunnel force and moment tests of a O.lO-scale model 
of the Douglas A4D-1 airplane were performed to investigate the static 
longitudinal characteristics of wing and fuselage modifications and the 
static lateral characteristics of the basic model. Tests were conducted 
at Mach numbers from 0.60 to 1,20, a maximum angle-of-attack range of 
approximately -3O to ll", and at Reynolds numbers from approximately 
2 x 106 to 3.5 x 106. Area-rule modifications to the fuselage and 
sweptforward wing trailing edge were beneficial to drag at Mach numbers 
around 0.975. Wing leading-edge modifications were only slightly suc- 
cessful in improving drag at lifting conditions. Lateral stability 
tests of the basic model revealed positive directional stability and 
positive effective dihedral throughout the tested angle-of-attack and 
Mach number ranges. 
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